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Some potentially useful information 


Constants 

e 0 = 8.85xl0 -12 F/m 
= 4/rxl0 -7 N/A 2 

Transmission line equations. 
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,-njx+jzi in*^ _ where ; s a Bessel function of the first kind 


j.g-'s? 

slig.2. 
g.| ll- 

OO_»T 3 

3 ^ ^ 
"ngo 
3 O 3 O' 

£ 3 g-g 

5’i-l § 

^ si 

SS co cr c 


c ■ “5 
S W 2 S. 
S’" ° 3 
•“£ 3 a- 

a. jj g 

' fi* 

E-n 3 

S 3 n 


< ■O O £ B> C/3 

» a o 5 3 S- 

5°.^2'2o 

s- — " <i> < < 
3 n o - <i < 

s> ® S 2 
3”S„,n5 

§ 2 . Q 3 n § 
E“”3 “ * 

o. a 2 Sa- ■ 

O <T> S .T O 
45 O- Vj co 3 

35§«o& 

o-c <<" 01 S* ’■* 

5 - a. -.e\= s 
_, e 


s&§*?ST 

ft 3* rt ETwnn 

tl’K ri m t/w 


1 rp c fcrffrt “wriQ 

i>1iga.Fl| 

i—a n» 3 := a 


»»» 
0 o' 3 

00 § 3 


||S 

§ai 

«-♦ rt 3 

cr ^4=* 

2.3-'3 
g£|T 
*o,a i 

"3« 

sT“ 
a 2 o 
>< 5' e 
o 00 
c 


g«3 : : g§ 

sfg 3 § 

• -gis^ 
Ssk| g 

o ® q I jf 

"■saSo 
» <5 H*. P o 

iUrl 

§ S- Sf §• j? 

g ^ 'S. 

J 2 1 sf §J S' 
2 S-3 a- 

< f» (l O 
2 3- 3 — 

B. $3" ^ sT 
p* 3 : o 
v; 


T3 *3 s« > 
3 5 <* 5-T 
O O < 3 

225 <: 

! s 

<A 0) A H 
3 rr 
U> On ^ 

J5 ‘ 

• ~ ft 

°°S O 
2; 2. 
•-< 0 J 00 

g:§2- 

3*1 

w h< H! 

SL§ | 

W 3 W 

o 3 • 

§*“£ 

ZL^o 

rt o> X 

S Hg 

O 8 1 

§ s g 


J Jg- 

Sgs 

»-«8 X 

0 3-a 

S>5'3 

sl'i 

2.3 

3‘ to 

n o 


S’3, 3 

olfa 
gf •* o 
S° or 0 
0 a 
^ o 
o$» 
C c O 

3 g5 
^ 8 « 

w § 23 
0 *•© 
S a-“ 
n c HI 

Co 3 

. 3 CJ 
n o 3. 

£. ~ • 
Sf ru *-• 

jiJ. 3 co 
Ov; — 
X co 

£ C° 
H3 * 3 
2 o 

« M T3 

A 3 2 
X g 3 

111 
3 » »r 
^.w A 
OCX 

2.3-1 

sSg 

c/> 3 3 - 

U» O o' 
3 * n> r 3 

O to 

C O 
' o c 


CO )_H ' j 

8 ?3. 
3 g 2 . 

!W“C? 
o W- 
crx ^ 
a & S. 
X 3 w 

___ 3.0Q 

tn d 3 
• n> 


^ n> 5* ^ 

ir«|i 

» & a 
< 0 2 < 
r* 2 n i 

w « *« I 

o •-* p < 

« j 

03 5« J 

« « L,' 
•g • d: 
■ 2 . 8 i 

S* 2* ft ' 

ST s* 8.! 

I&&! 

2 <* o 

& f I 

•5 11 

g Si s 

8 H § * 

M ft l 

S’ t*wsr. 

Sn-3 


i. 

2 s §■§ 

o’ 3- 3 a. 

g-i»| 

» w SJ* » 
2 £S) 0 ® 
"> g n- ® 

2 cTf S. 
^ 3 3 B. 
g g -a 3. 
2.1? £* 0 


< o > 

a § 5 

all 
fra s, 
■g 

3‘ O 3 

& n 

/*S >_/ 

r*» w 

- I “S. 

--s” 

2 ,°a 

2. “ a 
Q o _ 
a ^ & 

§-£? 
52 ft 2 

S '3 eg; 

si 53 

£ i o 

0.9 B 1 

S' 3 g 

a. s <s 

fit ft ft 

8 S » 
x* 0 
3 1 

I c 

3 0 

t;s 

a ~ 
5 6 


g (p a 

sf 5 



2 3-3 “ > 

3 

£ | § >< f 
8, g. 5 1 8 3 

T3 p « 2 cd 

3 o ^ » s' 
13 ft > B o 

I s,fas 

&. ge.o e 
o s <» b a 

2. 3 B a § 
3 » n 5 3 

5 - S 3 3 “ 
” 3 ?» B 
q W « H " 
3 2 0 . §• » 

e § § 1 2 . 

3 -S 00 3 

5‘ g-o g-5 

22. n « S O 

§ <3| § 
i|i '3 8 
s- s s, ° r: 

.. » W| CJ S£ 

v SyW , 
X <$ Q 3 + 

© § § -Ds 

« 03 3. CD f » 


B) S (1 O 

I. 8 !<s © 

» 8 3 5» 

5 ^ P vo 

s <; rt| ° 
aio ° 
^SD2 
S- sc 


SS 8 -S 
|'e«. 3 
3 S'? a 
5 2.8 g 

* “t> » 
K sr 2 » 

«® « ® -t 

« «-► S 
.0.2 » # 
.S3? 

*■*■ ce ** 2 
«-♦- 3 ^ £, 

B 3 o 
n % 
« S£.» 2 

BOBS 

O* 3 «• 2 

* 

s 31 

cd —. o" 
X3 B 
C _ 

|=f 

§ * r 

r %< 

S-?o 

gfS 

** 8 I 


— ggo > "o 

S’ s sa„ 2 

3 3<B 8 S §■ 

^ 30 » ^ 

• Q 8 § >3 3 

• 3 °* £r a <J> 

■SsISrl 


.2 o o 

g S3s s 
c *< » °S 

a. S,^ g c 

<. g ^ § S« ■ 

* s SR-g 

o 2. n » n 

ft o “ o 
& CD ns 5 

S a. o. K, § 
25 ° ^ o 3 
2. a I 

•—— CD < 5^ 3 
ES" o~ ^ m ^ 

=? “ ff-aS 

^os B g 5 

.j? 28 §s 

3 | 8 «“ 
» ‘S. S! o ° 

„®-lw§2 
? 8-3 | | 

• « *9 I 3 cr 

— S 3 a § 

- ^ oj o. 

O B 3 ^ 3 

3 sf cl* § 

3 3 a Js §• 

03 n> —. i_L 

V< O g 
O 


! 3- ^*2- 

it. || eo Bf* 

L w " g 01 > 

,3 • t» £2 

! 03 £ 2 . Cl 3 

r = b ^>s* p 
s g ^.t» — 
--5 n o o 
> o * n H,q- 

) O Cl. O ^ £ 

: *o « S 

c« i i § i 

C B «■ 3 — 

O S' t» O 

3- 5 3 SB o 
3 P s-“* O 

P 3 « r H) 

•§ ■§ §\f g 

3. ts do 5 

n'3™" 1 — 

£L ii — a- 'ft 
•5 3' o » § 
o a -a s 2 

^ o> S o-U 

S-^ n’A S 
q, 03 a n> 

^ (t (A Q Q. 

O 52 S'- « 

O 2. F Ft 

13 O 5 He, 
Cfl D O FT ST 

g jsa® J 
o ® P. ^ to 
C CLJ*0 3 

g. 2. g § " 

s-|Nl s, 

?|lsf 

a o- n _. to 

On s 3 ? 
22 § “ 3-° 
3 3 » n 

3 3 go" 

- 5 o 

3 i? 


8 3£ ^ 

3 

8 £ o 2 
o c j S 

"i- g 3 
3-CS" *■ 

CD Vi *1 

.—• n> — 
o^-o 
o Fro 

"P CD ►o 

r o 

05 >-h 



CQ P t+J CD 03 H 
C tfl 5 ‘bj 3 ? 

►rt tfl Ii o Q. < 

CD c cl ft Jr O 

i § $ s.| = 
|:^ S-li¬ 
lt g Is as- 

q 3 5' cr — 
n> S 3 v; o 

&el£ 

CL 0*0 Q.^ 

cd b o ss’s® 
3 OQ 52 ” S 
CF S ^ S. 

v. CD y-3 

w 2 3 K)> 

C 8 n 0"< 

B 2 . S 

gj^vg S a 

3l>oS 

^eOS? 

5.g.ft |J <; 
g 3 ft»S' 

S'* 2 . g 8 s- 

1 | i'll 

Z-Z% srS 

3 g"o 
SoaSb 

< C ^ "i 
^S.jay <i 

3*.3 o' s»"S 

3 «= 3 > q 

2 ^-gS = 
| o -• a 2 . 

11§8 
W O 3" 
3^0 

2 . S g 
3'5'g 


g g o. o » cr 

2 "^ £l3 3 X. 

o!!R H £; ■ 

3 8 a.3-<- g 

o-o o °> o 3 
o •*!< g-o — , 

2 1 g g 2 8 — 1 

H.? & n 3 “o 

*< 5" 5 3- »• 3 

2 . !T O’ ° <. D ( 

0 S 364 £ 

o “ 

g- 5 &<s 2 §'■ 
2 3? sr- M 8 

ng—F§ § 
s 5^5"°. 0 ' 

Jz CD w O) 

llR-is- w 

g-B g-S « "E 

5>S lig a. 
§ n. 2t 
n ? 3 o o 

2 2 o 2 * 

3 £- 3 3 . 

g a sS ■< , 

F* D.OQ S'* 

3 ^ o c. -* 

C OL^ 03 

3 ^ D3 

ca S' CL 1 —■ 

3 CD . Q. 

3 2 g c^v —• 

o a » x — 

c o s a n 

3 *< O 5 o 

»“» r-*- fVJ '—3 JJ- 

O FT 3 O 3- 
CD O. x O ^ 

q <. SS S v| 
H? 8 3'^ 5" 

'r-' M- *-t ^ 

FT FT 
>—« CD 03 


aa p 
B" ^ ? 
X > o 

*013 2 

p o « 


> 5 


a 

o 





«. 

V 


I* 

3 


o 

o 

3 

C/i 

B 

3 


"CO 

JN 

JN 


II 

a’ 

a* 

11 

to 

II 

II 

n 


N 

N 

+ 


0 

r ir 

0 

n In 



•“l 


3 

3 

■&> 


+ 

P 

3 

■pD 


O 

3 

-J S! "fc 


n> 

- N | 
• & 
N o 


II 

* 

X 


Z 

> 


C»J 

o 

II 

oo 

bo 

Ui 

X 


*rl 

3 


IV 

o 


IV 

o 




t 

\\ 




*0 

o 

O' 




3 


00 


> 

3 


§ s 


S- s '§ 

sS = 

r* K> 3 
o <» 


8.0 

35 w. 

19 
~ » 
§■3 

P 

P rt 

3 §■ 
g 5‘ 
5 00 

P oo 
O 

^ 3* 

^3 
O 3 

SL fl> 
O 

£g 

IS- 

C o 
-* o 

3 C0 

fp 

P 


=. s 


v> . 


* C fl 


rv o 

3 3 

CD £u 


3 

T3 

n> 

a* 


to 

O 

+ 


~ £ 
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EE 331 Midterm Examination • All external memory devices should be 8k* 8. 

October 2 1 2002 * T ^ c * ddrcS8C8 must be Ailly decoded but the only components available arc inverters and 3-input 
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A group of students set up the circuit below to measure the length of a cable for their 4 ,h year 
project. The co-axial cable is a capacitor having 5.2pF/m. The 6-bit counter is enabled from a 
monostable circuit and its clock is from an astable circuit. If the final count from the counter is 
010110 as shown, calculate the length of the cable. 
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V “l V J V (JS [V] < Figure 2b 

Figure lb Figure lc 









Figure 3 Figure4b 
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Figure lc 




Figure lc 






Fx&URE Jl. <*) b) Express v H ui function of v w , v^j and the components of the owh of Figure 

2.c). Hint: sD feedback is negative. 
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HAVE A MCE S 





Telephone line 



MIDTERM EXAMINATIONS 





(c) Determine the sending end quantities and the voltage regulation when line 

(a) Determine the inductance per phase per kilometer of the line. delivers 1000 MVA at 0.8 lagging power factor at 500 kV. 



UNIVERSITY OF SASKATCHEWAN 
COLLEGE OF ENGINEERING 
EE 342 - Power Systems I 
Final Examination 
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UNIVERSITY OF SASKATCHEWAN 
ELECTRICAL ENGINEERING 304.3 
POWER SYSTEMS I 

Midterm Examination 


Time: 

Instructor: 

Notes: 


1.5 hours 
T.S. Sidhu 

Formula sheet(s) is allowed. 
Answer all questions. 


Feb. 2001 


1. The one-line diagram of an unloaded power system is shown in Figure 1. Reactances of the lines are shown in the 
diagram. The generators and transformers are rated as follows: 

Generator 1: 30 MVA, 18kV, X = 20% 

Generator 2: 20 MVA, 18 kV, X = 15% 

Generator 3: 20 MVA, 15 kV, X = 20% 

Three-phase Y-Y transformers: 20 MVA, 138Y/20Y kV, X=10% 

Three-phase Y-A transformers: 15 MVA, 138Y/13.8A kV, X=10% 

(a) Draw an equivalent circuit representation of this power system using ohmic values and ideal transformers. 

(b) Convert the circuit in part (a) to one where the parameters are expressed in per unit. Use a base value of 100 
kVA, 138 kV in the 40 Q line. 



2. A balanced delta-connected load consisting of pure resistances of 18 ohms per phase is in parallel with a purely 
resistive balanced wye-connected load of 12 ohms per phase. The combination is connected to a three-phase balanced 
supply of 346.41 V rms (line-to-line) via a three-phase line having an inductive reactance of j3.0 ohms per phase. 
Taking the phase voltage V^ as reference, determine 


(a) The current, real power, and reactive power drawn from the supply. 

(b) The line-to-neutral and the line-to-line voltage of phase ‘a’ at the combined load terminals. 

3. A three-phase 60-Hz line has its conductors arranged in a triangular formation so that two of the distances 
between centers of the conductors are 10 m and the third distance is 15 m. Each conductor is composed of seven 
equal strands. The diameter of each strand is 0.5 iqt*' 

(i) Show that the GMR for the conductor is 2.177 times the radius of each strand. 

(ii) Find the inductance of the line in mH/km. 

(iii) It is decided to build the line with horizontal spacing ( D u =2 D v =2D 23 ). The line is transposed. What 

should be the spacing between adjecent conductors in order to obtain the same inductance as in the original 
design described earlier. O 
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Figure 1 









100KW (while other outputs are kept constant) results in increased |/| R losses 

of 12KW for the system, what is the approximate additional cost per hour if the 
output of this plant is increased by 1 MW? 







|1.SJ 

q sr S ” 1 


5'09 


■g 


z s 

S 3 


S 

S • 3 TJ 

>rl.i 

il»i 

1 

»tf«- 

BLtro u, 3* 

p 2 o 
S 3 < 91 
o « O v< 

2 P r* 3 
G* ^ P o 

r. o #1) -r 

H" E « 5 


’O 3 00 ] 
=r o. *r 

S K> < 
" o. ' 

<3 & 5 
£ < 5 : 


ysapc 

I isii 


sSf 
3 .-18 
$ 3- 


5' > 

q is 

rt o 

3 I 
s 3 

p 

O 

I 3 

a « 
* 2*8 
n q 
I* s 


3 0 

3 

0 rt 
•2 8 
2 2 
< 3 
P O 

il 

a 

►*1 Q. 

2 So" 

TJ 


i - g. 

O 3- 
c a, 
T3 00 
C 'C 


21 H 


« » e. 

S.T? 5 - 

CL 3 5 

3 - e. s. 
§'•< § 


O 3* 




5 & 


n —■ 50 

2 21 2 

1 

P CD P 

gJl 

3 o er 
^ 3* 

n o. R 

3 trt <* 

2 o 5 

O ’“** to 
J? Cl (W 
2 ? " 


l/l 

e 


5 & 

- " E 

3 &* 

1 g-5 

< « « 

£■§ K 

~ So 

3> — 3 

= s s 
W 

3 

g 

< s 
as¬ 
tro a 
-o g. 
9 C 


o ca 
p - 
D.T3 

•t 


o > 

P •“* 


O 

s. 


^ ^ ^ 3 

3* 3* 3" 3* rt 
o n n « s- 


5 Ifli: 

n *" § 

n d 3 3 u> 
, a a cl 3 ; 
o -o o < -S- 

mu 

>i 3 w 5 

6 r~" s 

o ►r 


£ 31 S O G 

t» 2 m — 2. 

W S?^ 8 


i f i 

at? 

rt 2 

3 I 


rt 

* 3 


3- 

O 

c 


s»r 

< 



nd yqC I nd go? 




£?gl> 

o C ft 3 o 

'g.g.'SS'V 

I SI a 5 

* S « ** 2 
s- S' tr ^ 3 

S 'a 5 .<» 
' o ° S ? 

p O O *o 
o e ^ d 

i i-s-g 

P B §"S 

2! a 8 jf 

DR—-' 

a. K S B 

§• Q Z 3 

S | >5 | 

p S d a 

1.0 | B 
I. K> s. g 
o E= » 
c. r ^ 3 

ftii 

Is g.S 

Ills 


P’ £ O 

g- « g 

3 5& 

a „ o 

=• sr ? 


2 1 

d5' 

OJ 



§ S ' 
-. = 3- 

P — ■ R 

& 3 s 

£ 3-6 

(K 3 p- 


Z" =r O' 

S n 9 

? — X 

D P CM 
rt ^ 

" s S 

" 2 3 
3 O 5/5 
3 Ut3 

g S 8 

n n n» 
<- o Ci 


•g. P 5 
sT ■* S2 
K 00 3 

O ON g- 

42 o vs 

p i - 5 
fi 3 3 

5‘ ~ 

OQ ^ D 

M 2 n 

O i 3* 
S’ | B 
3 | 63 

g g g? 

? ^ 3* 

H S 


f6 


N 



University of Saskatchewan 



College of Engineering 

EE 304 - Power Systems I 



Midterm Examination 

February 1998 

Instructor: 

T.S. Sidhu 


Time Allowed: 

2 hours 


Note: 

Answer all questions; formula sheet is allowed. 



Marks 

( 25 ) 1. The one-line diagram of a three-phase system is shown in Figure 1. The ratings and impedance 

values of various elements are also shown in this figure. 

(a) Draw an equivalent circuU/fepresentation of this power system using ideal transformers and 
ohmic values of impedances. 

(b) Convert the circuit in part (a) to one wherestbe'parameters are expressed in per unit. Use a 
base of 100 MV A and 15 kV in the motpfcircuit. 


(15) 2. 


A balanced three-phase load consisting of an impedance of 30 + j30Q/phase is connected to a 
12.47-kV three-phase, four wire wye-connected source. A power factor correction capacitor bank 
having an impedance of -j74il/phase is connected to the load bus in parallel with the load. The 
feeder supplying this load has an impedance of 1.5+j4.0Q/phase. ****■ 


(a) Line current in phases ^liand C of the feeder. 

(b) Line to neutral voltage'of phase A at the load. 

(c) Active and reactive pprfer consumed at the load bus. 

(d) Active power loss pepfriiase occurring in the feeder. 



30 MW, 72kV 
0.95 Pf lagging 


Figure 1 


* * *T h e End*** 
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A power system has two generating units operating on economic dispatch. The operating 
costs of these units are given by 

f 2Pi + 0.02Pi 2 ($/hr) for 0 < Pj < 100 MW 
F, = i 

l 6P, ($/hr) forP, > 100 MW 

F 2 = 0.03 P 2 2 ($/hr) 

where Pi and P 2 are in MW. 

Determine the power output of each unit that minimizes the total operating cost as 
total required power (P R ) varies from 200 to 700 MW. 

Neglect transmission losses. 

If the total transmission losses for the system are given by 
Pl = 2 x 10 -4 Pj 2 + lx 1C 4 P 2 2 (MW). 

Perform economic dispatch calculations for a total required power of 290 MW. 


$ 


The End 
















Given the amplitude density spectrum of f(t) shown below determine the spectrum of 
g(t) = f(t) cos (2nf c t) and draw a neatly labelled graph of G(f) 




























f 











3. Find the zero input response of the difference equation, 

y[k + 2] - 0.25y[k] = f[k + 2] 

for a set of internal conditions y[- 2] = -4 and y[-l] = -6. The 
z-transform is not allowed in this problem. 

4. Find the z-transform of 

0.5* +1 u[k - 11 + 0.5 k-1 u[k]. 

5. Find the inverse z-transform of 

z(-5z + 22) 

(z +1 Xz - 0.8) 2 ‘ 

6. Draw the block diagram of a discrete transfer function given by 

/~r i 1 — 

G[Z] = (1 - 0.6z _1 Xl - 0.7z _1 Kl - 0.8Z 1 )' 

7. Obtain the convolution sum, 

c[k] = ^ f[m]g[k - m ] 

m =0 

for f[k] = u[k] and g[k] = (0.2HIk\. 

8. Explain what "aliasing" (or spectrum folding) is briefly within 

100 words. 


— The END — 
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Figure 2b. 
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Using the relationship \Di\ = |D_il, calculate the distortion 
factor rj of the half sinusoidal wave. 

k 

i 1.0 sinf . 

, Z \ / \ / \ 

! / \ ' N 

—i _\ 

! TT 

Fig. 3 Half sinusoidal wave. 

5. (20) Answer the following questions briefly in two or three lines. 

1. What does e 7 " 0 ' represent? (what is it?) 

2. Why do you need negative frequecies to represent a real 
signal such as cos co 0 t in the frequency domain? 

3. Determine the spectrum of 2cos2cu 0 t - sin2co 0 f. 

— The END — 
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fit) and a carrier signal of frequency u) c = co 0 x M. The carrier 
frequency co c is much greater than the fundamental frequency 
coo of the baseband signal. The carrier suppressed AM is given 
by 

f AM it) = 2f(t) cos u) c t. 

Express the exponential Fourier series of fAMit) in terms of D„ 
and D- n of the original signal fit). Then, sketch the spectrum 
of /am( 0 assuming that the spectrum of fit) is given as illus¬ 
trated in the following figure. 


-Mcd 0 



Spectrum of f(t) 


■il l i-. 

-<ol CO 
0 0 

-2co„ 2 <o n 

o o 


co 


M % 


— The END — 
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3. Conduction in Semiconductors 2 • Semiconductor Band Structure 

a) Draw qualitatively the dependence of the drift mobility of a semiconductor on a ) Draw a qualitative density of states diagram for compensated silicon. Label all 

temperature and dopant concentration. Explain why the curves look the way they do. , relavent energy levels with appropriate symbols, and name the important regions of the 

.. , , . . v density of states. Indicate approximately the position of the Fermi energy if the material 

b) Explain why a completely full band does not conduct electricity. * s overa jj n _type 




/|6J*U^> Xft /^V 


( 



fi ? 

t 'v 
\ ^ ’ 


<3 ^ ^ 2 . r 

% ^ ^ \ C_t‘ 

* \ T 

O vt ^ f, 

S ^ - 

J , l ’ «’ 

’ V 5 » 


ns: 


5 -- 
T- 


\ 


^ X - s. 

T *• ? 

* 9 ■* 

i -n, - 

^» i 


><4 

5 i 

“\ V 

ft A 
*» 

'd 


c 'V 

r 


o 


5 

JC 'sr-0 


0 5 ^ 

V * v_V 

O V. 

*- ~ 

3 S 


'S 


c ^ s’*' 

- i 5 •» 

c $ 

1 ->v 

fa <■-*> 


9 ?o 
X. 

's -ft 





«*> 4 


V* 

s 

iN 


c* 


O' *> >s. 

-. I W: 


\ "'ft 


5- ft> v 

C "> £ 

o ^ 

^ ^ ">C 

O'- T) 0 

■< S 0 

^ 3 

, • ' >s 

'c 


'V 




Tv 

Q 


v* 

a 

esv 


^ c ; 

^ 5 


\ “ 

' /* 


7^ 


r u 

CN V. 




I* 

I 

\r~ 


\* 


:m 


"*■ q r 
r ^ .. 

-s - <3 

^ ^ -as 

Tl v» 

^ r 

r ^ v 
^ ^ i* 

T> r> 

* * * 1 

r . tH 
ft ft- 


^ 5- 
‘ <-*' ^ 


'v 

*L 2 


C 

* 


o 

T 

' 9 

*-6 


t: 

-0 , 

f 


<a 

i' 

S s 


•* r t v 


*> 


3 

*ft 

J 5- -s i 

J '" v- », 


■\ *> 

5 :- « 


* *4 * 


Z 

c 

n 

•9 

o 

O 


3s 

\ 


9 

rf- 


R 

?>> 


n ^ 


r « 


V- o 


^ -K 
i> ^ 

C“ 

*7 

i' I" 

■o 


^ % 


f ^ 

ft 

> * 

? j 


x > 


{1 O c ff B Oi 

s w 2 w w * 

a-3 5 ^ g> C 
U S 
s. a 

a 


§ s? 

f e 

-r — 

8 3* 

» a 

trt 3 

3 *» 

EL 5T 


v: » 5 

“' f 8 

o a 
e-l; 
S § 

O 3 

OQ S* 

'l 3 
2 ° 
S 2 


2 

9- 


£5 ? f 


§ s 

S. ES 

o' 5 " 

S | 

I 8 

41 

to 


I 


I 


a* 

y 


O 3 

i p-t 

I /-S « 

II 

i i 

3 c 

*o Vi 

S. s 

I s 

9 i 


a 

s 

o. 

3* 

O 


?? 

CL 

ft 


CO CO 
"*- v> . 

R I 

3- 

3" 

< 

s. 


S’ 

•a 

E 

3 


r 


r 


•sf 

-S> 




?. 's 


-< 

5 


r 


3 


Sn 


o- f 
^ 5s ^ 


. ^ * 
3 

s ^ C 


5 

^s. 

X 


^ 4 


rt >■ 


5 „ 

§ 

(Jv ft 


n ^ 


- 5 

Lft 


7. ^ 

I ^ 


5- 

0 

i 7 
^ 1 


^ o 

"»S 

a 


-c 


Kf 

3 

*J\ D 

o 6 
«> 


c 

?>r 

V • 


O Vs 

p ^ 

l i 


K ^ « 

<5 ^ '’ 


^ -s 


-c v\l Vi 

t « 


o 




H 


s 

<1 

o 


11 ll 

J5o- 

~ vi 


s. 


o 

3 

, | 

u> 3* 

M o 

* £ 


f a 

i 

< g 

|l 

g: — 

•§ | 
■8 I 

3 a 


s> - - 

S- ° 8 

3 g S 

H-h |»S 

O, P» fi 

| i I 

2. m. y 

3 -*» „ 

00 3 - i 

| J o 

a g s, 
a - ss s> 
S? 5= 

a z 

c 3* 
2 - « 

§ £ 
a I 
8 £ 
•o K 
3" io 
o. “ 
K w 
a 5* 

I § 

° 5: 
s 


s- 

» 

3* 

oq" 


& 

E. 

I 

n 

CL 

I. 

c 

(» 

co 

§■ 

i 

3" 

P 


s 

3 

3 

e 

3 

ST 

a 

3 

3 

a 


n 

§ 

I 

5 

| 

e. 


ft 




r 


f 


( 


r 

* 





* 




c 


w 


-4 


vV 


V 

V 


o o o 

3 3 < 
0.0.^ 
ccs* 

O O 2 

p. p. g 
o o 2. 
3 3 o 

cr or E 

58 

0 . 0.0 

8.8 § 

s * §• 

^nl 

n o 
c 3 


oq _ 
v; o 

II 

co a 

5 a. 

js fi 

? § 


? 5 


S 2. 

5- 8 

2 § 
ft 3 

►a <j 

o S 
w cr 

a. 8 

§ 55' 

o S* 
*** o 
5- a. 
» 2 

3 •§' 

_ 2. 

< - 

2. 8 

5 g 
3 5' 
“ S- 

a 


s 


1 


■g e 

s- > 


o S. 

3 S3 
O § 
2§ 

■u « 
» £ 


i £ 


* 5 8T 

as ^ <* 


S- »» 

1 e 

2 ” 
(* o. 

IJ 

Jl 

s ^ 

2* 3 


o. St 

OQ p. 

*8 o 

T3 3 

Ig 

03 

8- I 

3 3 


o g 

l“h g 

(O g 
x n 

V) 

O 3 
n ^ 


— co 

5* g 
< 3 . 
$L cj» 

1! 

3 & 

_S5 o 

S| 

8 5 

3 ® 


O O 




3. & 

5 “8 


3 * 


03 

1 

O 

§ 

o. 


03 

I 


w 


5-3 

3 
cr o 


3 o. 

o. o 

S.S 

f p 


n 

B £ 
h& 
11 s 
g s- 
s <* 



/ 





r 


p- 1 

■I 

, lf VJ 


77 




12 
3 £• 
§ * 
3 £ 

S-S 

“• CO 
CO 

3 cr 
S ST 
3 * 

CO 09 

o £ 

' 5* a 

<gf 

g o 

Q* j— 
£ 00* 

I * 

» S- 
£ 


g » w 
3 > sc 

5? | 

II 1 

S' 3 
B € 


o 


S- s- 

IP — 

g, 3 

55 
3 5 

CO 

2L k> 

8 i* 


S 2. 
§ =• 

sr g* 

a. i 

s s- 

a. 

O 3* 

ft 

* s 


O CD 

S o 

0Q EJ 

o* • 
? 


3 

> 

i 


z 


s ■ 

r» 

XT 





Jit- 0t'$)&09 *) 

.0/*j£0? *| - 



ess 

I £g 

.» g.8 

(A ST 

c. o S 
* g-ff 

3 » <* 

B fi.fi 

I 23 

s is 

*• « 54, 


S, * r 

D Sf 

I | i. 

g S, 5- 
§• B ! 

« to 3 

o a* 2. 

§ S« 

2? ■g. o 

a s a. 


8 S-o 

•?' 5 § 

I |8 

.J II 

§■ o “ 
o’ a § 

=>• o E 

•s sa 
rn 
8 |S- 

8 38 

§ r -t 

- j 

a <b 

pa (b 

£ •£ 
• 8 
& 5. 

® < 
3 a 
5 S’. 

£ e 


o o „ 
3 « 3 

g a °- 
o. T! s- 
r. a. 2 

? 3 J 


5 d 

3 rt 

i-*, ” U> 

c 3 o 

^ I 1 


4. Photons and Photoelectrons 














Your Last Name 


First Name 


S tudent N oE»b«»r 


'[251 4. Explain with dea7Sagrams the basic principle of operation of the Er* ion doped fiber amplifier. 
\ Sketch schematically how this may be used in optical commirfeations. _ _. _ _ _ 
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251 4 . Explain with dear diagrams the basic principle of operation of the Er* ion doped fiber amplifier. 
, Sketch schematically how this may be'usedin optical communications. ____— 
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